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This  invention  relates  to  novel  muramyldipeptide  derivatives  having  excellent  immunoadjuvaant 
activity  and  prophylactic  and  therapeutic  effects  against  microbial  infections  and  antitumor  activity  and, 
more  specifically,  this  invention  relates  to  a  muramyldipeptide  derivative  represented  by  the  formula  (I): 

wherein  Ala  represents  alanine;  Acyl  represents  an  acyl  group  having  2  to  40  carbon  atoms;  R,  and  R2  each 
represents  a  hydrogen  atom,  or  R,  and  R2,  when  taken  together,  may  form  an  alkylidene  group  having  1  to 
6  carbon  atoms;  R3  represents  a  hydrogen  atom,  an  acyl  group  having  2  to  40  carbon  atoms  or  an  alkyl 
group  having  1  to  40  carbon  atoms;  and  R4  represents  a  hydrogen  atom  or  an  alkyl  group  having  1  to  20 
carbon  atoms. 

BACKGROUND  OF  THE  INVENTION 
Hitherto,  certain  types  of  muramyldipeptide  derivatives  have  been  known  to  have  useful 

immunotherapeutic  activities.  For  example,  U.S.  Patent  4,101,536  discloses  muramyldipeptide  derivatives 
and  the  salts  thereof  having  potent  immunoadjuvant  activity  and  antitumor  activity  and  being  applicable  as 
an  agent  for  the  immunotherapy  of  cancer  for  humans  and  animals.  These  known  compounds,  however, 
have  a  free  hydroxy  group  at  the  1-position  of  muramic  acid  of  N-acetylmuramyldipeptide  and  do  not 
possess  an  S-substituted  moiety  at  the  1-position. 

SUMMARY  OF  THE  INVENTION 
As  a  result  of  extensive  studies  on  compounds  useful as  adjuvant  substances,  we  have  found  that the 

compounds  of  the  above  formula  (I)  which  are  obtained  by  introducing  a  sulfur  atom  to  the  1-position  of 
muramic  acid  of  N-acylmuramyldipeptides,  the  minimum  unit  constituting  bacterial  cell  wall  of  human  type 
Mycobacterium  tuberculosis,  BCG  and  other  mycobacteria  as  well  as  cellular  paarasitic  bacteria,  have 
excellent  immunoadjuvant  activity,  and  thus  completed  the  present  invention. 

The  compounds  according  to  the  present  invention  are  of  low  toxicity  and  possess  excellent 
immunoadjuvant  activity  and,  therefore,  can  be  useful  for  various  diseases  attributed  to  reduction  in 
immunity  function,  for  example,  as  prophylactic  and  therapeutic  agents  against  microbial  infections, 
antitumor  agents  and  the  like. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
The  muramyldipeptide  derivatives  of  the  present  invention  are  represented  by  the  formula  (I) 

wherein  Ala  represents  alanine;  Acyl  represents  an  acyl  group  having  2  to  40  carbon  atoms;  R,  and  R2  each 
represents  a  hydrogen  atom,  or  R,  and  R2,  when  taken  together,  may  form  an  alkylidene  group  having  1  to 
6  carbon  atoms;  R3  represents  a  hydrogen  atom,  an  acyl  group  having  2  to  40  carbon  atoms  or  an  alkyl 
group  having  1  to  40  carbon  atoms;  and  R4  represents  a  hydrogen  atom  or  an  alkyl  group  having  1  to  20 
carbon  atoms. 

Preferred  are  those compounds  of  formula  (I)  wherein  Acyl  is  a  C2-C6-acyl  group; 
R,  and  R2  each  represent  a  hydrogen  atom  or  form  together  an  isopropyliden  group; 
R3  represents  H,  a  C1-C10-alkyl  group  or  a  C2-C30-acyl  group,  and 
R4  is  H  or  a  Cl-C6-alkyl  group. 



A  further  preferred  class  of  compounds  according  to  the  invention  is  that  having  the  formula  (1)  above 
wherein  R1  and  R2  each  represents  a  hydrogen  atom;  R3  represents  an  acyl  group  having  2  to  40  carbon 
atoms;  and  R4  represents  an  alkyl  group  having  1  to  20  carbon  atoms. 

Particularly  preferred  compounds  of  the  present  invention  are  2-acetamido-2-deoxy-1-S-decanoyl-3-0- 
(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose,  2-acetamido-1-S-acetyl- 
2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose,  2- 
acetamido-2-deoxy-3-0-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose, 
2-acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyranose,  2- 
acetamido-2-deoxy-1-S-hexadecanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-j3- 
D-glucopyranose,  2-acetamido-2-deoxy-1-S-hexadecanoyl-3-0-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1- 
thio-β-D-glucopyranose,  and  2-acetamido-2-deoxy-1-S-eicosanoyl-3-O-(D-2-propanoyl-L-alanyl-D- 
isoglutamine)-1-thio-β-D-glucopyranose. 

The  effects  of  the  compounds  of  the  present  invention  were  confirmed  by  the  following  method. 

(1)  Adjuvant  Activity 
The  adjuvant  activity  was  confirmed  by  the  enhancing  activity  on  the  induction  of  delayed-type 

hypersensitivity  to  N-acetyltyrosine-3-azobenzene-4'-arsonic  acid  (hereinafter  referred  to  as  ABA-N-Ac-Tyr) 
in  guinea  pig. 

That  is,  a  water-in-oil  emulsion  prepared  by  mixing  50  pg/animal  of  ABA-N-Ac-Tyr  and  100  pg/animal 
of  each  of  the  compounds  of  the  present  invention  with  Freund's  incomplete  adjuvant  (hereinafter  referred 
to  as  FIA)  was  administered  to  the  soles  of  guinea  pigs.  Two  weeks  later,  100  pg  of  3-azobenzene-4'-arsonic 
acid  bonded  to  bovine  serum  albumin  (hereinafter  referred  to  as  ABA-BSA)  was  intradermally  injected  and 
the  diameter  of  skin  reaction  (i.e.,  erythema  and  induration)  was  measured  24  hours  and  48  hours  after  the 
injection.  The  diameter  of  the  skin  reaction  is  considered  a  measure  of  cellular  immunity.  The  results 
obtained  are  shown  in  Table  1  below. 

(2)  Prophylactic  Effect  Against  Microbial  Infection 
Animals:  Groups  of  20  STD-ddy  male  mice,  5  weeks  of  age,  were  used. 
Bacteria:  E.  Coli  E77156  which  has  been  maintained  in  a  freezed-culture  was  used. 
Agents:  Compounds  of  the  present  invention  were  dissolved  or  suspended  in  Dulbecco  phosphate- 

buffered  saline  (PBS:  pH  7.4)  at-a  concentration  of  500  µg/ml  just  before  use. 



Treatment  and  Infection:  The  animals  were  treated  subcutaneously  with  0.2  ml  of  each  of  the  above 
solution  or  suspension  (equivalent  to  100  pg/mouse),  followed  by  the  subcutaneous  challenge  with  E.  coli 
24  hours  later. 

The  effect  was  judged  from  the  percent  survival  of  the  mice  seven  days  after  the  infection.  As  is 
apparent  from  the  results  shown  in  Table  2  below,  the  compounds  of  the  present  invention  exhibit 
excellent  prophylactic  effect  against  microbial  infection. 

(3)  Antitumor  Activity  Against  Meth-A  System 
A  mixture  of  tumor  cells  (Meth-A,  1.5  x  106)  and  100  pg  of  Compound  20  of  the  present  invention 

suspended  in  PBS  was  inoculated  intradermally  in  BALB/c  mice.  Suppression  of  Meth-A  growth  in  BALB/c 
on  the  27th  day  after  inoculation  was  found  to  be  5/9.  The  value  is  expressed  in  terms  of  the  number  of 
tumor-free  mice/the  number  of  mice  tested. 

The  test  compounds  used  in  the  above  experiments  (1),  (2)  and  (3)  are  as  follows. 
Compound  2:  2-Acetamido-1-S-acetyl-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)- 

1-thio-β-D-glucopyranose 
Compound  3:  2-Acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D- 

glucopyranose 
Compound  4:  2-Acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D- 

glucopyranose 
Compound  8:1-S-n-Butyl 2-acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)- 

1-thio-β-D-glucopyranoside 
Compound  9:  1-S-Hexadecanyl  2-acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl 

ester)-1-thio-j3-D-glucopyranoside 
Compound  10: 1-S-n-Butyl  2-acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D- 

glucopyranoside 
Compound  11:  1-S-Hexadecanyl  2-acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1- 

thio-β-D-glucopyranoside 
Compound  14:  2-Acetamido-2-deoxy-1-S-hexadecanoyl-3-0-(D-2-propanoyl-L-alanyl-D-isoglutamine 

methyl  ester)-1-thio-β-D-glucopyranoside 
Compound  15:  2-Acetamido-2-deoxy-4,6-O-isopropylidene-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine-1- 

thio-β-D-glucopyranose 



Compound  16:  2-Acetamido-2-deoxy-1-S-hexadecanoyl-4,6-O-isopropylidene-3-O-(D-2-propanoyl-L- 
alanyl-D-isoglutamine-1-thio-β-D-glucopyranose 

Compound  17:  2-Acetamido-2-deoxy-1-S-hexadecanoyl-3-0-(D-2-propanoyl-L-alanyl-D-isoglutamine-1- 
thio-β-D-glucopyranose 

Compound  18:  2-Acetamido-2-deoxy-1-S-decanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl 
ester)-1-thio-β-D-glucopyranose 

Compound  19:  2-Acetamido-2-deoxy-1-S-octadecanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine 
methyl  ester)-1-thio-β-D-glucopyranose 

Compound  20:  2-Acetamido-2-deoxy-1-S-triacontanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine 
methyl  ester)-1-thio-β-D-glucopyranose 

Compound  21:  2-Acetamido-2-deoxy-1-S-n-butanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl 
ester)-1-thio-β-D-glucopyranose 

Compound  22:  2-Acetamido-2-deoxy-1-S-dodecanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio- 
β-D-glucopyranose 

Compound  23:  2-Acetamido-2-deoxy-1-S-tetradecanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1- 
thio-β-D-glucopyranose 

Compound  24:  2-Acetamido-2-deoxy-1-S-tetradecanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine 
methyl  ester)-1-thio-β-D-glucopyranose 

Compound  25:  2-Acetamido-2-deoxy-1-S-eicosanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio- 
β-D-glucopyranose 

The  compounds  of  the  present  invention  can  be  prepared  according  to  the  following  reaction  scheme. 



In  the  above  reaction  scheme,  Rs  represents  a  hydrogen  atom  or  an  alkyl  group  having  1  to  6  carbon  atoms, 
and  R6  and  R7  each  represents  an  alkyl  group  having  1  to  6  carbon  atoms. 

That  is,  the  compound  (11)  is  oxidized  in  the  presence  of  a  solvent,  such  as  dichloromethane,  using  a 
chromic  anhydride-pyridine  complex  at  a  temperature  of  about  0°C  to  60°C  to  obtain  the  compound  (III). 
The  compound  (III)  is  reacted  with  a  metal  alcoholate  in  an  alcohol  solvent  to  obtain  the  compound  (IV).  The 
compound  (IV)  is  dissolved  in  a  solvent,  such  as  a  mixed  solvent  of  dichloromethane  and  carbon 
tetrachloride,  and  then  reacted  with  hexamethylphosphorus  triamide  [P(NMe2)3]  at  a  low  temperature, 
preferably  -40°C  or  lower,  to  obtain  the  compound  (V).  The  compound  (V)  is  dissolved  in  a  solvent  or  a 
mixture  of  solvents,  for  example,  a  mixture  of  dichloromethane  and  acetone,  and  reacted  with  an  alkali 
thio-organic  acid,  for  example,  potassium  thioacetate  (CH3COSK),  to  obtain  the  compound  (VI).  The 
compound  (VI)  is  reacted  with  an  alkali  hydroxide  in  the  presence  of  a  solvent,  such  as  dioxane,  to 
hydrolyze  the  S-acetyl  group  and  alkoxycarbonyl  group  and  then  the  hydrolysate  is  reacted  with  an  organic 
acid  anhydride  such  as  acetic  anhydride,  and  triethylamine  to  acylate  the  SH  group  thereby  obtaining  the 
compound  (VII). 

The  compound  (VII)  thus  obtained  is  then  condensed  with  an  alanyl-isoglutamine  alkyl  ester  to  obtain 
the  desired  compound  of  the  formula  (I)  wherein  R,  and  R2  are  bonded  together  to  form  an  alkylidene 
group;  R3  is  an  acyl  group;  and  R4  is  an  alkyl  group. 

The  above  condensation  reaction  can  be  carried  out  by  methods  commonly  employed  for  peptide 
syntheses,  i.e.,  carbodiimide  method,  active  ester  method  and  acid  anhydride  method.  For  example,  the 
compound  (VII)  is  dissolved  in  a  solvent  such  as  dioxane,  and  dicyclohexylcarbodiimide  and  N- 
hydroxysuccinic  acid  imide  or  1-hydroxybenzotriazole  are  added  to  the  solution  at  about  0°C  to  60°C  to 
form  an  active  ester  of  the  compound  (VII).  To  the  resulting  reaction  mixture  is  added  an  L-alanyl-D- 
isoglutamine  alkyl  ester  at  about  0°C  to  60°C  to  obtain  the  above-described  compound  (II). 

The  S-acyl  group  of  the  compound  (I)  thus  obtained  can  be  converted  into  a  free  SH  group  by  reacting 
the  compound  (I)  with  a  metal  alcoholate  in  an  alcoholic  solution  at  about  0°C  to  room  temperature, 
followed  by  neutralization  with  a  cation  exchange  resin.  The  thus  obtained  SH-compound  may  be 
converted  into  an  S-acylated  compound  by  reacting  with  an  acyl  halide  in  a  solvent,  such  as 
dichloromethane,  in  the  presence  of  an  acid  acceptor  such  as  pyridine,  at  about -100C  to  50°C.  Further,  the 
S-alkylated  compound  can  be  obtained  by  reacting  the  above  S-acylated  compound  with  a  sodium 
alcoholate  in  an  alcohol  and,  without  conducting  neutralization,  the  resulting  product  is  then  reacted  with 
an  alkyl  halide  at  0°  to  40°C.  The  alkylidene  group  can  be  released  by  reacting  with  a  50-90%  aqueous 
solution  of  acetic  acid  at  room  temperature  to  100°C.  The  conversion  of  the  alkoxycarbonyl  group  to  a 
carboxyl  group  can  be  accomplished  by  reacting  with  an  aqueous  alkali  hydroxide  solution  in  an  alcoholic 
solution  at  0°  to  room  temperature  and  then  neutralizing  with  a  cation  exchange  resin. 

The  present  invention  will  now  be  described  in  greater  detail  with  reference  to  examples  but  the  scope 
of  the  invention  is  not  limited  thereto.  Unless  otherwise  indicated,  a  mixture  of  solvents  is  by  volume. 

Example  1 
(1)  164.7  mg  of  chromic  anhydride  and  0.25  ml  of  pyridine  were  added  to  5  ml  of  dichloromethane  and 

the  mixture  was  stirred  for  15  minutes.  To  the  resulting  mixture  were  added  180  mg  of  benzyl  2-acetamido- 
2-deoxy-4,6-O-isopropylidine-3-O-[D-1-(methoxycarbonyl)ethyl]-@-D-glucopyranoside  (compound  II) 
dissolved  in  3  ml  of  dichloromethane  and  then  0.16  ml  of  acetic  anhydride. 

The  reaction  mixture  was  stirred  at  45°C  for  3  hours  and  passed  through  a  column  of  silica  gel  (Wako-C- 
200, 20  g),  and  the  column  was  eluted  with  ethyl  acetate  to  obtain  170  mg  (yield:  92%)  of 2-acetamido-1-o- 
benzoyl-2-deoxy-4,6-O-isopropylidene-3-O-[D-1-(methoxycarbonyl)ethyl]-@-D-glucopyranose  (compound 
III)  having  a  melting  point  of  134-137°C. 

  (c=1.5,  methanol) 



(2)  To  a  solution  of  4.0  g  of  the  compound  (III)  in  60  ml  of  absolute  methanol,  about  30  mg  of  metal 
sodium  was  added  under  cooling.  After  allowing  to  stand  at  room  temperature  for  10  minutes,  the  mixture 
was  treated  with  Amberlite  IRC-50.  The  solution  was  concentrated  and  the  resulting  syrup  was  purified  by 
column  chromatography  using  silica  gel  (50  g)  (developing  agent  (a):  chloroform,  developing  agent  (b): 
chloroform-methanol  =  50:1).  From  the  effluent (b),  there  was  obtained  2.8  g  (yield:  93%)  of 2-acetamido- 
2-deoxy-4,6-O-isopropylidene-3-O-[D-1-(methoxycarbonyl)ethyl]-D-glucopyranose  (compound  IV)  having  a 
melting  point  of  180-184°C. 

  (c=0.47,  chloroform,  equilibrium) 
Elemental  Analysis  for  C15H25NO8: 

(3)  2.5  g  of  the  compound  (IV) was  dissolved  in  a  mixture  of  50  ml  of  anhydrous  dichloromethane and 
2.17  g  of  anhydrous  carbon  tetrachloride  and  the  mixture  was  cooled  to  -50°C.  To  the  resulting  mixture 
was  added  a  solution  of  1.6  g  of  hexamethylphosphorus  triamide  in  25  ml  of  anhydrous  dichloromethane 
over  15  minutes  while  stirring  at  -50°C,  and  the  reaction  was  conducted  for  1  hour.  The  reaction  mixture 
was  concentrated  under  reduced  pressure  (bath  temperature:  40°C).  At  this  stage,  the  thin  layer 
chromatography  revealed  the  presence  of  a  mixture  of  a-  and  β-chlorides  and  oxazoline.  By  repeating  the 
above  procedure  of  addition  of  anhydrous  dichloromethane  followed  by  concentration  three  to  fourtimes, 
all  the  chlorides were  led to  the  a-chloro  derivative.  The a-chloride was  dissolved  in  a  mixed  solution  of  15 
ml  of  anhydrous  dichloromethane  and  15  ml  of  anhydrous  acetone,  and  2.4  g  of  potassium  thioacetate  was 
added  thereto,  followed  by  stirring  the  mixture  at  room  temperature  overnight.  After  it  was  confirmed  that 
all  the  chloride  disappeared  by  thin  layer  chromatography,  the  reaction  mixture  was  concentrated  under 
reduced  pressure,  and  the  residue  was  extracted  with  chloroform,  washed  with  water,  and  dried  over 
sodium  sulfate.  The  solvent  was  removed,  and  the  residue  was  crystallized  from  diethyl  ether  to  obtain 
1.94  g  (yield:  66.4%)  of  2-acetamido-1-S-acetyl-2-deoxy-4,6-0-isopropylidene-3-0-[D-1- 
(methoxycarbonyl)ethyl]-1-thio-a-D-glucopyranose  (compound  VI)  as  a  needle-like  crystal.  The  filtrate  was 
purified  by  silica  gel  (30  g)  column  chromatography  (developing  agent  (a):  chloroform;  (b):  chloroform- 
methanol  =  150:1).  From  the  effluent  (b)  was  obtained  500  mg  (yield:  17.1%)  of  the  compound  (VI).  Total 
yield:  2.444  g  (83.5%);  melting  point:  171-173°C. 

  (c=0.4,  chloroform) 
Elemental  Analysis  for  C17H27NOaS: 

(4)  200  mg  of  the  compound  (VI)  was  dissolved  in  10  ml  of  1,4-dioxane,  and  12  ml  of 0.2M  potassium 
hydroxide  was  added  thereto.  After  allowing  the  mixture  to  stand  at  room  temperature  for  10  minutes, the 
mixture  was  treated  with  Amberlite  IRC-50  to  remove  the  base.  The  resin  was  separated  by  filtration  and 
washed  with  methanol.  The  filtrate  and  the  washing  were  combined  and  concentrated  under  reduced 
pressure.  The  resulting  syrup  was  dissolved  in  methanol,  and  1  ml  of triethylamine  and  0.8  ml  of  anhydrous 
acetic  acid  were  added  to  the  solution  under  cooling,  followed  by  reacting  at  room  temperature  for  30 
minutes.  The  reaction  mixture  was  concentrated  under  reduced  pressure,  and  the  resulting  syrup  was 
purified  by  silica  gel  (20  g)  column  chromatography  (developing  agent  (a):  chloroform;  (b):  chloroform- 
methanol=50: 1).  From  the  effluent  (b),  there  was  obtained  150  mg  (yield:  78%)  of  2-acetamido-1-S-acetyl- 
3-0-(D-1-carboxyethyl)-2-deoxy-4,6-0-isopropylidene-1-thio-a-D-glucopyranose  (compound  VII)  as  needle- 
like  crystals.  Recrystallization  from  diethyl  ether  gave  a  product  having  a  melting  point  of  193-200°C 
(decomposition). 

  (c=0.3,  chloroform) 
Elemental  Analysis  for  C16H25NO8S: 

(5)  160  mg  of  the  compound  (VII)  was  dissolved  in  5  ml  of  anhydrous  1,4-dioxane,  and  210  mg  of 
dicyclohexylcarbodiimide  and  100  mg  of  N-hydroxysuccinimide  were  added  to  the  solution,  and  the 
mixture  was  stirred  at  room  temperature  for  30  minutes.  The  diphenyiurea  formed  was  separated  by 
filtration  and  washed  with  2  ml  of  dioxane.  The  filtrate  and  the  washing  were  combined,  and  200  mg  of  L- 
alanyl-D-isoglutamine  methyl  ester  trifluoroacetate  and  5  drops  of  triethylamine  were  added  thereto  while 
stirring  to  effect  a  reaction  at  room  temperature  for  40  minutes.  After  completion  of  the  reaction  was 
confirmed  by  thin  layer  chromatography,  the  reaction  mixture  was  concentrated  under  reduced  pressure, 
and  the  resulting  syrup  was  purified  by  silica  gel  (20  g)  column  chromatography  (developing  agent  (a): 
chloroform;  (b):  chloroform-methanol=100:1;  (c):  chloroform-methanol=50: 1).  From  the  effluent  (c),  there 
was  obtained  235  mg  (yield:  95%)  of  the  desired  compounds,  2-acetamido-I-S-acetyl-2-deoxy-4,6-O- 
isopropylidene-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose 



(compound  I).  Recrystallization  from  diethyl  ether  gave  a  product  having  a  melting  point  of  148-151°C. 
  (c=0.2,  chloroform) 

Elemental  Analysis  for  C25H40N4O11S: 

(6)  100  mg  of  the  compound  (I)  was  dissolved  in  5  ml  of  an  80%  aqueous  acetic  acid  solution  and 
heated  at  45°C  for  45  minutes  while  stirring.  The  reaction  mixture  was  concentrated  under  reduced 
pressure  at  below  40°C.  The  acetic  acid  was  completely  removed  as  an  azeotropic  mixture  with  toluene  to 
obtain  2-acetamido-1-S-acetyl-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-a- 
D-glucopyranose  (Compound  2)  that  showed  a  single  spot  on  the  thin  layer  chromatogram. 
Recrystallization  from  diethyl  ether  gave  a  pure  product  having  a  melting  point  of  158-162°C. 

  (c=0.2,  chloroform-methanol=1:1) 
Elemental  Analvsis  for  C33H36N4O11S: 

Example  2 
20  mg  of  Compound  2  as  prepared  in  Example  1-(6)  was  dissolved  in  2  ml  of  absolute  methanol,  and  a 

small  amount  of  metal  sodium  was  added  thereto.  Three  minutes  later,  disappearance  of  any  unreacted 
substances  was  confirmed  by  thin  layer  chromatography,  and  the  reaction  mixture  was  treated  with 
Amberlite  IR-120  (H+),  followed  by  filtration.  From  the  filtrate  was  obtained  17.6  mg  (yield:  95%)  of  2- 
acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose 
(Compound  3)  having  a  melting  point  of  117-125°C  (decomposition). 

  (c=0.2,  methanol,  equilibrium) 
Elemental  Analysis  for  C20H34O10S: 

Example  3 
25  mg  of  Compound  2  as  prepared  in  Example  1-(6)  was  dissolved  in  2  ml  of  absolute  methanol,  and  a 

small  amount  of  metal  sodium  was  added  thereto.  Three  minutes  later,  1  ml  of  0.2M  potassium  hydroxide 
was  added  to  the  reaction  mixture.  After  confirming  completion  of  the  reaction  by  thin  layer 
chromatography,  the  reaction  mixture  was  treated  with  Amberlite  [R-120  (H+)  to  remove  the  base.  The 
solution  was  concentrated  under  reduced  pressure  and  freeze-dried  from  1,4-dioxane  to  obtain  22.4  mg 
(quantitative -  yield)  of  2-acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D- 
glucopyranose  (Compound  4)  having  a  melting  point  of  157-166°C  (decomposition). 

  (c=0.2,  methanol,  equilibrium) 
Elemental  Analysis  for  C19H32N4O14S: 

Example  4 
60  mg  of  Compound  1  as  prepared  in  Example  1-(5)  was  dissolved  in  5  ml  of  absolute  methanol,  and  6 

mg  of  sodium  methoxide  was  added  thereto.  Ninety  minutes  later,  after  it  was  confirmed  by  thin  layer 
chromatography  that  the  reactant  had  completely  been  converted  to  2-acetamido-1-S-sodium-2-deoxy-4,6- 
O-isopropylidene-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose 
(Compound  5),  15  mg  of  n-butyl  bromide  was  added  to  the  reaction  mixture,  followed  by  stirring  at  room 
temperature  overnight.  The  reaction  mixture  was  concentrated  under  reduced  pressure,  and  the  resulting 
syrup  was  purified  by  silica  gel  (10  g)  column  chromatography  (developing  agent  (a):  chloroform;  (b): 
chloroform-methanol=50:1)  to  obtain  60  mg  (yield:  98%)  of  1-S-n-butyl  2-acetamido-2-deoxy-4,6-0- 
isopropylidene-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranoside 
(Compound  6)  having  a  melting  point  of  75-78°C. 

  (c=0.5,  methanol) 
Elemental  Analysis  for  C27H46N4O10S: 

Example  5 
Compound  5  was  prepared  in  the  same  manner  as  in  Example  4  but  using  83  mg  of  Compound  1. 43 

mg  of  hexadecanyl  bromide  was  added  to  the  reaction  mixture  containing  Compound  5,  and  the  resulting 
mixture  was  stirred  at  room  temperature  overnight.  The  reaction  mixture  was  concentrated  under  reduced 
pressure  and  then  purified  by  silica  gel  (10  g)  column  chromatography  (developing  agent  (a):  chloroform- 
methanol=100:1;  (b):  chloroform-methanol=30:1).  From  the  effluent  (b),  there  was  obtained  100  mg 
(yield:  93%)  of  1-S-hexadecanyl  2-acetamido-2-deoxy-4,6-0-isopropylidene-3-0-(D-2-propanoyl-L-alanyl- 



D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranoside  (Compound  7)  having  a  melting  point  of 
93-96°C. 

  (c=0.3,  chloroform) 
Elemental  Analysis  for  C39H70N4O10S: 

Example  6 
50  mg  of  Compound  6  as  prepared  in  Example  4  was  dissolved  in  3  ml  of  an  8%  aqueous  acetic  acid 

solution,  and  hydrolysis  was  carried  out  at  45°C  for  60  minutes.  After  confirming  by  thin  layer 
chromatography,  the  reaction  mixture  was  freeze-dried  to  quantitatively  obtain  1-S-n-butyl  2-acetamido-2- 
deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-j3-D-glucopyranoside  (Compound 
8)  having  a  melting  point  of  155-160°C  (decomposition). 

  (c=0.3,  methanol) 
Elemental  Analysis  for  C24H42N4O11S: 

Example  7 
50  mg  of  Compound  7  as  prepared  in  Example  5  was  dissolved  in  3  ml  of  an  80%  aqueous  acetic  acid 

solution  and  heated  at  45°C  for  1  hour.  After  confirming  disappearance  of  any  unreacted  substances  by  thin 
layer  chromatography,  the  reaction  mixture  was  freeze-dried  to  obtain  1-S-hexadecanyl  2-acetamido-2- 
deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranoside  (Compound 
9)  having  a  melting  point  of  179-182°C  in  a  quantitative  yield. 

  (c=0.2,  chloroform-methanol=1:1) 
Elemental  Analysis  for  C36H66N4O10S: 

Example  8 
20  mg  of  Compound  8  as  prepared  in  Example  6  was  dissolved  in  2  ml  of  methanol,  and  2  ml  of  0.2M 

potassium  hydroxide  was  added  thereto.  Twenty  minutes  later,  the  ester  was  completely  hydrolyzed.  The 
reaction  mixture  was  treated  with  Amberlite  IR-120  (H+),  the  resulting  solution  was  concentrated  under 
reduced  pressure  and  freeze-dried  using  1,4-dioxane  to  quantitatively  obtain  1-S-n-butyl  2-acetamido-2- 
deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyranoside  (Compound  10)  having  a 
melting  point  of  108-112°C  (decomposition). 

  (c=0.3,  methanol) 
Elemental  Analysis  for  C23H40N4O11S: 

Example  9 
17  mg  of  Compound  9  as  prepared  in  Example  7  was  dissolved  in  a  mixture  of  3  ml  of  1,4-dioxane  and  1 

ml  of  methanol,  and  2  ml  of  0.2M  potassium  hydroxide  was  added  thereto.  Twenty  minutes  later,  the 
methyl  ester  was  completely  hydrolyzed.  The  reaction  mixture  was  treated  with  Amberlite  IR-120  (H+),  the 
resulting  solution  was  concentrated  and  freeze-dried  from  dioxane  to  quantitatively  give  1-S-hexadecanyl 
2-acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyranoside 
(Compound  11)  having  a  melting  point  of  110-115°C  (decomposition). 

  (c=0.15,  methanol) 
Elemental  Analysis  for  C35H64N4O10S: 

Example  10 
85  mg  of  Compound  1  as  prepared  in  Example  1-(5)  was  dissolved  in  5  ml  of  absolute  methanol,  and  10 

mg  of  sodium  methoxide  was  added  thereto.  After  1.5  hours,  the  reaction  mixture  was  treated  with 
Amberlite  IRC-50  (H+)  and  then  concentrated.  The  resulting  syrup  was  purified  by  silica  gel  (10  g)  column 
chromatography  (developing  agent  (a):  chloroform;  (b):  chloroform-methanol=40:1).  From  the  effluent  (b) 
was  obtained  76  mg  (yield:  96%)  of  2-acetamido-2-deoxy-4,6-O-isopropylidene-3-O-(D-2-propanoyl-L- 
alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose  (Compound  12).  Recrystallization  from 
diethyl  ether  gave  a  product  having  a  melting  point  of  105-107°C  (decomposition). 

  (c=0.5,  chloroform) 
Elemental  Analysis  for  C23H38N4O10S: 

Calcd.  (%): C,  49.10;  H,  6.81;  N,  9.96 
Found  (%): C,  49.21;  H,  6.77;  N,  9.83 



Example  11 
60  mg  of  Compound  12  as  prepared  in  Example  10  was  dissolved  in  a  mixture  of  2  ml  of  anhydrous 

dichloromethane  and  1  ml  of  pyridine,  and  1  ml  of  dichloromethane  containing  40  mg  of  hexadecanoyl 
chloride  was  added  thereto  under  cooling.  The  reaction  completed  in  1  hour.  To  the  reaction  mixture  was 
added  1  ml  of  methanol,  and  the  mixture  was  concentrated  under  reduced  pressure.  The  resulting  syrup 
was  extracted  with  chloroform,  washed  with  water  and  dried  over  sodium  sulfate.  The  chloroform  was 
distilled  off,  and  the  residue  was  purified  by  silica  gel  (10  g)  column  chromatography  (developing  agent  (a): 
chloroform-methanol=100:1;  (b):  chloroform-methanol=50:1;  (c):  chloroform-methanol=30:1).  From  the 
effluent  (c),  there  was  obtained  70  mg  (yield:  82%)  of  2-acetamido-2-deoxy-I-S-hexadecanoyl-4,6-O- 
isopropylidene-3-0-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose 
(Compound  13)  having  a  melting  point  of  98-100°C. 

  (c=0.2,  chloroform) 
Elemental  Analysis  for  C39Hs8N40"S: 

Example  12 
50  mg  of  Compound  13  as  prepared  in  Example  11  was  dissolved  in  3 ml of  a 80%  aqueous  acetic  acid 

solution  and  heated  at  45°C  for  1  hour  to  hydrolyze  the  isopropylidene  group.  The  reaction  mixture  was 
concentrated  under  reduced  pressure  and  crystallized  from  diethyl  ether  to  give  43  mg  (yield:  91 %)  of  2- 
acetamido-2-deoxy-1-S-hexadecanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β- 
D-glucopyranose  (Compound  14)  having  a  melting  point  of  181-183°C  which  showed  a  single  spot  on  thin 
layer  chromatography. 

  (c=0.2,  chloroform-methanol=1:1) 
Elemental  Analysis  for  C36H64N4O11S: 

Example  13 
80  mg  of  Compound  1  as  prepared  in  Example  1-(5)  was  dissolved  in  5  ml  of  absolute  methanol,  and  10 

mg  of  sodium  methoxide  was  added  thereto.  After  the  mixture  was  allowed  to  stand  at  room  temperature 
for  1  hour,  5  ml  of  0.2M  potassium  hydroxide  was  added  thereto.  Five  minutes  later,  the  base  was  removed 
by  treating  with  Amberlite  IRC-50  (H+)  resin,  and  the  resin  was  washed  with  methanol.  The  filtrate  and  the 
washing  were  combined  and  concentrated  under  reduced  pressure  at  a  temperature  below  40°C  to  obtain 
2-acetamido-2-deoxy-4,6-O-isopropylidene-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D- 
glucopyranose  (Compound  15).  The  product  was  dissolved  in  a  mixture  of  2  ml  of  anhydrous 
dichloromethane  and  1  ml  of  pyridine,  and  to  the  resulting  solution  was  added  a  solution  of  45  mg  of 
hexadecanoyl  chloride  in  1  ml  of  anhydrous  dichloromethane  under  ice-cooling,  followed  by  stirring  for  1.5 
hours.  The  excess  of  the  chloride  was  decomposed  with  methanol,  and  the  decomposition  solution  was 
concentrated  under  reduced  pressure.  The  residue  was  extracted  with  chloroform,  washed  with  water  and 
dried  over  sodium  sulfate.  The  chloroform  was  distilled  off,  and  the  resulting  syrup  was  purified  by  silica 
gel  (20  g)  column  chromatography  (developing  agent  (a):  chloroform-methanol=50:1;  (b)  chloroform- 
methanol=10:1).  From  the  effluent  (b),  there  was  obtained  75  mg  (yield:  72%)  of  2-acetamido-2-deoxy-1-S- 
hexadecanoyl-4,6-O-isopropylidene-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D- 
glucopyranose  (Compound  16)  having  a  melting  point  of  103-106°C. 

  (c=0.15,  chloroform-methanol=1:1) 
Elemental  Analysis  for  C38H66N4O11S: 

Example  14 
30  mg  of  Compound  16  as  prepared  in  Example  13 was  dissolved  in  2 ml of  a 80%  aqueous  acetic  acid 

solution  and  heated  at  45°C  for  1  hour  to  completely  hydrolyze  the  isopropylidene  group.  After  confirming 
that  the  thin  layer  chromatography  showed  a  single  spot,  the  reaction  mixture  was  freeze-dried  to  obtain  28 
mg  of  2-acetamido-2-deoxy-1-S-hexadecanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D- 
glucopyranose  (Compound  17)  as  a  colorless  amorphous  substance  having  a  melting  point  of  125-129°C. 
[@]25D  +62.5°  (c=0.2,  chloroform-methanol=1:1) 
Elemental  Analysis  for  C35H62V4O11S: 

Example  15 
To  a  solution  of  85  mg  of  Compound  1  in  5  ml  of  methanol  was  added  10  mg  of  sodium  methoxide  and 

the  mixture  was  kept  for  1.5  hours  at  room  temperature,  and  treated  with  Amberlite  IRC-50  (H*)  resin  to 
remove  the  base.  The  mixture  was  concentrated  and  the  residue  was  chromatographed  on  a  column  of 



silica  gel  (10  g)  with  chloroform  and  40:1  chloroform-methanol.  The  latter  eluate  gave  76  mg  of  2- 
acetamido-2-deoxy-4,6-O-isopropylidene-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1- 
thio-β-D-glucopyranose  as  crystals  having  a  melting  point  of  105-107°C  (decomposition). 

  (c=0.5,  chloroform) 
Elemental  Analysis  for  C23H38N4O10S 

To  an  ice-cooled  solution  of  80  mg  of  the  above  compound  in  1  ml  of  dry  pyridine  and  2  ml  of 
dichloromethane  was  dropwise  added,  with  stirring,  a  solution  of  52  mg  of  decanoyl  chloride  in  1  ml  of 
dichloromethane,  and  the  mixture  was  stirred  for  40  minutes  at  5  to  10°.  0.5  ml  of  methanol  was  added  to 
the  mixture  and  the  resulting  mixture  was  concentrated  and  then  extracted  with  chloroform.  The  extract 
was  washed  with  water,  dried  over  sodium  sulfate  and  concentrated  to  a  syrup  which  was  then 
chromatographed  on  a  column  of  silica  gel  (15  g)  with  (a)  150:1,  (b)  70:1,  and  (c)  30:1  chloroform-methanol. 
Eluant  (a)  gave  65  mg  of  amorphous  2-acetamido-2-deoxy-1-S-decanoyl-4,6-0-isopropylidene-3-O-(D-2- 
propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose. 

  (c=0.33,  chloroform) 
Elemental  Analysis  for  CD33H56N4O11S4 

A  solution  of  50  mg  of  the  above  compound  in  2  ml  of  80%  aqueous  acetic  acid  was  heated  for  2  hours 
at  45°C  and  the  mixture  was  concentrated  to  give  a  crystalline  mass.  Recrystallization  from  ether  gave  2- 
acetamido-2-deoxy-1-S-decanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D- 
glucopyranose  (Compound  18)  having  a  melting  point  of  176.5°. 

  (c=0.44,  1:1  chloroform-methanol). 
Elemental  Analysis  for  C30H52N4O11S 

Examples  16  and  17 
The  following  compounds  were  prepared  in  the  same  manner  as  above. 
2-Acetamido-2-deoxy-1-S-octadecanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1- 

thio-β-D-glucopyranose  (Compound  19)  as  an  amorphous  substance. 
  (c=0.64,  1:1  chloroform-methanol) 

Elemental  Analysis  for  C38H68N4O11S 

2-Acetamido-2-deoxy-1-S-triacontanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1- 
thio-β-D-glucopyranose  (Compound  20). 
m.p.  182°,    (c=0.6,  1:1  chloroform-methanol). 
Elemental  Analvsis  for  C50H92N4O11S 

1.  Muramyldipeptide  derivatives  represented  by  the  formula: 

wherein  Ala  represents  alanine;  Acyl  represents  an  acyl  group  having  2  to  40  carbon  atoms;  R,  and  R2  each 
represents  a  hydrogen  atom  or,  when  taken  together,  may  form  an  alkylidene  group  having  1  to  6  carbon 
atoms;  R3  represents  a  hydrogen  atom,  an  acyl  group  having  2  to  40  carbon  atoms  or  an  alkyl  group  having 
1  to  40  carbon  atoms;  and  R4  represents  a  hydrogen  atom  or  an  alkyl  group  having  1  to  20  carbon  atoms. 

2.  The  compound  as  claimed  in  Claim  1,  wherein  R,  and  R2  each  represents  a  hydrogen  atom;  R3 
represents  an  acyl  group  having  2  to  40  carbon  atoms;  and  R4  represents  an  alkyl  group  having  1  to  20 
carbon  atoms. 



3.  The  compound  as  claimed  in  Claim  1,  wherein  said  compound  is  2-acetamido-2-deoxy-1-S- 
decanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose. 

4.  The  compound  as  claimed  in  Claim  1,  wherein  said  compound  is  2-acetamido-1-S-acetyl-2-deoxy-3- 
O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose. 

5.  The  compound  as  claimed  in  Claim  1,  wherein  said  compound  is  2-acetamido-2-deoxy-3-0-(D-2- 
propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose. 

6.  The  compound  as  claimed  in  Claim  1,  wherein  said  compound  is  2-acetamido-2-deoxy-3-O-(D-2- 
propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyranose. 

7.  The  compound  as  claimed  in  Claim  1,  wherein  said  compound  is  2-acetamido-2-deoxy-1-S- 
hexadecanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine  methyl  ester)-1-thio-β-D-glucopyranose. 

8.  The  compound  as  claimed  in  Claim  1,  wherein  said  compound  is  2-acetamido-2-deoxy-1-S- 
hexadecanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyranose. 

9.  The  compound  as  claimed  in  Claim  1,  wherein  said  compound  is  2-acetamido-2-deoxy-1-S- 
eicosanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyranose. 

10.  Process  for  preparing  the  compounds  of  claims  1  to  9,  characterized  in  that  a  compound  of  the 
general  formula  II 

wherein  Rs  represents  a  hydrogen  atom  or  an  alkyl  group  having  1  to  6  carbon  atoms  and  R6  and  R7  each 
represents  an  alkyl  group  having  1  to  6  carbon  atoms,  is  oxidized  in  the  presence  of  an  inert  solvent  to 
obtain  the  compounds  of  general  formula  III 

which  are  reacted  with  a  metal  alcoholate  in  an  alcohol  solvent  to  obtain  the  compounds  of  general  formula 
IV 

which  are  dissolved  in  an  inert  solvent,  such  as  a  mixed  solvent  of  dichloromethane  and  carbon 
tetrachloride,  and  then  reacted  with  hexamethylphosphorus  triamide  [P(NMe2)31  at  a  low  temperature  to 
obtain  the  compounds  of  general  formula  V 

which  are  dissolved  in  a  solvent  or  a  mixture  of  solvents  and  reacted  with  an  alkali  thio-organic  acid  for 



example,  potassium  thioacetate  (CH3COSK)  to  obtain  the  compounds  of  general  formula  VI 

which  are  reacted  with  an  alkali  hydroxide  in  the  presence  of  a  solvent,  such  as  dioxane,  to  hydrolyze  the  S- 
acetyl  group  and  alkoxycarbonyl  group  and  then  the  hydrolysate  is  reacted  with  an  organic  acid  anhydride 
such  as  acetic  anhydride,  and  triethylamine  to  acylate  the  SH  group  thereby  obtaining  the  compounds  of 
general  formula  VII 

which  are  then  condensed  with  an  alanyl-isoglutamine  alkyl  ester  to  obtain  the  desired  compound  of  the 
formula  I  wherein  R,  and  R2 are  bonded  together  to  form  an  alkylidene  group;  R3 is an  acyl  group;  and  R4  is 
an  alkyl  group; 
the  S-acyl  group  of  the  compounds  (I)  thus  obtained  can  be  converted  into  a  free  SH  group  by  reacting  the 
compound  (I)  with  a  metal  alcoholate  in  an  alcoholic  solution  at  about  0°C  to  room  temperature,  followed 
by  neutralization; 
the  thus  obtained  SH-compound  may  be  converted  into  a  S-acylated  compound  by  reacting  with  an  acyl 
halide; 
further,  the  S-alkylated  compound  can  be  obtained  by  reacting  the  above  S-acylated  compound  with  a 
sodium  alcoholate  in  an  alcohol  and,  without  conducting  neutralization,  the  resulting  product  is  then 
reacted  with  an  alkyl  halide; 
the  alkylidene  group  can  be  released  by  reacting  with  a  50-90%  aqueous  solution  of  acetic  acid; 
the  conversion  of  the  alkoxycarbonyl  group  to  a  carboxyl  group  can  be  accomplished  by  reacting  with  an 
aqueous  alkali  hydroxide  solution  in  an  alcoholic  solution  and  then  neutralizing. 

11.  Pharmaceutical  composition  containing  at  least  one  compound  as  claimed  in  claims  1  to  9. 

1.  Muramyldipeptid-Derivative  der  Formel: 

worin  Ala  für  Alanin  steht;  Acyl  eine  Acylgruppe  mit  2  bis  40  Kohlenstoffatomen  bedeutet;  R1  und  R2 
jeweils  ein  Wasserstoffatom  oder  zusammen  eine  Alkylidengruppe  mit  1  bis  6  Kohlenstoffatomen 
bedeuten;  R3  ein  Wasserstoffatom,  eine  Acylgruppe  mit  2  bis  40  Kohlenstoffatomen  oder  eine  Alkylgruppe 
mit  1  bis  50  Kohlenstoffatomen  bedeutet;  und  R4  ein  Wasserstoffatom  oder  eine  Alkylgruppe  mit  1  bis  20 
Kohlenstoffatomen  bedeutet. 

2.  Verbindung  nach  Anspruch  1,  wobei  R,  und  R2  jeweils  ein  Wasserstoffatomen  bedeuten;  R3  eine 
Acylgruppe  mit  2  bis  40  Kohlenstoffatomen  bedeutet;  und  R4  eine  Alkylgruppe  mit  1  bis  20 
Kohlenstoffatomen  bedeutet. 



3.  Verbindung  nach  Anspruch  1,  nämlich  2-Acetamido-2-deoxy-1-S-decanoyl-3-O-(D-2-propanoyl-L- 
alanyl-D-isoglutaminmethylester)-1-thio-ß-D-glucopyranose). 

4.  Verbindung  nach  Anspruch  1,  nämlich  2-Acetamido-1-S-acetyl-2-deoxy-3-O-(D-2-propanoyl-L- 
alanyl-D-isoglutaminmethylester)-1-thio-β-D-glucopyranose. 

5.  Verbindung  nach  Anspruch  1,  nämlich  2-Acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D- 
isoglutaminmethylester)-1-thio-ß-glucopyranose. 

6.  Verbindung  nach  Anspruch  1,  nämlich  2-Acetamido-2-deoxy-3-O-(D-2-propanoyl-L-alanyl-D- 
isoglutamin)-1-thio-ß-glucopyranose. 

7.  Verbindung  nach  Anspruch  1,  nämlich  2-Acetamido-2-deoxy-1-S-hexadecanoyl-3-O-(D-2-propanoyl- 
L-alanyl-D-isoglutaminmethylester)-1-thio-ß-glucopyranose. 

8.  Verbindung  nach  Anspruch  1,  nämlich  2-Acetamido-2-deoxy-1-S-hexadecanoyl-3-O-(D-2-propanoyl- 
L-alanyl-D-isoglutamin)-1-thio-β-glucopyranose. 

9.  Verbindung  nach  Anspruch  1,  nämlich  2-Acetamido-2-deoxy-1-S-eicosanoyl-3-0-(D-2-propanoyl-L- 
alanyl-D-isoglutamin)-1-thio-ß-D-glucopyranose. 

10.  Verfahren  zur  Herstellung  der  Verbindungen  der  Ansprüche  1  bis  9,  dadurch  gekennzeichnet,  daß 
man  eine  Verbindung  der  allgemeinen  Formel  (II) 

worin  Rs  ein Wasserstoffatom  oder  eine  Alkylgruppe  mit  1  bis  6  Kohlenstoffatomen  bedeutet  und  R6  und  R7 
jeweils  eine  Alkylgruppe  mit  1  bis  6  Kohlenstoffatomen  bedeuten,  in  Gegenwart  eines  inerten 
Lösungsmittels  oxidiert,  wobei  man  Verbindungen  der  allgemeinen  Formel  (III) 

erhält,  welche  man  mit  einem  Metallalkoholat  in  einem  Alkohollösungsmittel  umsetzt,  wobei  man  die 
Verbindungen der  allgemeinen  Formel  (IV) 

erhält,  welche  man  in  einem  inerten  Lösungsmittel,  wie  einem  Lösungsmittelgemisch  aus  Dichlormethan 
und  Tetrachlorkohlenstoff,  löst  und  anschließend  mit  Hexamethylphosphorsäuretriamid  [P(NMe2)3]  bei 
niedriger  Temperatur  umsetzt,  wobei  man  die  Verbindungen  der  allgemeinen  Formel  (V) 

erhält,  welche  man  in  einem  Lösungsmittel  oder  einem  Lösungsmittelgemisch  löst  und  mit  einer 



organischen  Alkalimetall-thiosäure,  beispielsweise  Kaliumthioacetat  (CH3COSK)  umsetzt,  wobei  man 
Verbindungen  der  allgemeinen  Formel  (VI) 

erhält,  welche  man  zur  Hydrolyse  der  S-Acetylgruppe  und  Alkoxycarbonylgruppe  mit  einem 
Alkalimetallhydroxyd  in  Gegenwart  eines  Lösungsmittels,  wie  Dioxan,  umsetzt  und  das  Hydrolysat 
anschließend  mit  einem  organischen  Säureanhydrid,  wie  Essigsäureanhydrid,  und  Triethylamin  zur 
Aceylierung  der  SH-Gruppe  zur  Reaktion  bringt,  wobei  man  die  Verbindungen  der  allgemeinen  Formel  (VII) 

erhält,  welche  man  anschließend  mit  einem  Alanylisoglutaminalkylester  kondensiert,  wobei  man  die 
gewünschten  Verbindungen  der  Formel  (1)  erhält,  in  der  R,  und  R2  zusammen  eine  Alkylidengruppe  bilden; 
R3  ein  Acylgruppe  bedeutet; 
und  R4  eine  Alkylgruppe  bedeutet; 

die  S-Acylgruppe  der  so  erhaltenen  Verbindungen  (I)  gegebenenfalls  in  eine  freie  SH-Gruppe 
überführt,  indem  man  die  Verbindungen  (I)  mit  einem  Metallalkoholat  in  einem  Alkohollösungsmittel  bei 
ungefähr  0°C  bis  Raumtemperatur  umsetzt  und  anschließend  neutralisiert; 
eine  S-alkylierte  Verbindung  gegebenenfalls  erhält,  indem  man  die  obige  S-acylierte  Verbindung  mit  einem 
Natriumalkoholat  in  einem  Alkohol  umsetzt  und  anschließend  das  erhaltene  Produkt  ohne  zu  neutralisieren 
mit  einem  Alkylhalogenid  zur  Reaktion  bringt; 
gegebenenfalls  die  Alkylidengruppe  durch  Umsetzung  mit  einer  50  bis  90%-igen  wäßrigen 
Essigsäurelösung  freisetzt; 
gegebenenfalls  die  Alkoxycarbonylgruppe  in  eine  Carboxylgruppe  durch  Umsetzung  mit  einem  wäßrigen 
Alkalimetallhydroxydlösung  in  alkoholischer  Lösung  und  anschließender  Neutralisation  überführt. 

11.  Pharmazeutisches  Mittel,  enthaltend  wenigstens  eine  Verbindung  der  Ansprüche  1  bis  9. 

1.  Dérivés  de  muramyldipeptide  représentés  par  la  formule: 

dans  laquelle  Ala  représente  l'aniline;  Acyl  représente  un  groupe  acyle  ayant  de  2  à  40  atomes  de  carbone; 
R,  et  R2  représentant  chacun  un  atome  d'hydrogène  ou,  s'ils  sont  pris  ensemble,  peuvent  former  un  groupe 
alkylidène  ayant  de  1  à  6  atomes  de  carbone;  R3  représente  un  atome  d'hydrogène,  un  groupe  acyle  ayant 
de  2  à  40  atomes  de  carbone  ou  un  groupe  alkyle  ayant  de  1  à  40  atomes  de  carbone;  et  R4  représente  un 
atome  d'hydrogène  ou  un  grupe  alkyle  ayant  de  1  à  20  atomes  de  carbone. 



2.  Composé  selon  la  revendication  1,  caractérisé  en  ce  que  R1  et  R2  représentent  chacun  un  atome 
d'hydrogène;  R3  représente  un  groupe  acyle  ayant  de  2  à  40  atomes  de  carbone;  et  R4  représente  un 
groupe  alkyle  ayant  de  1  à  20  atomes  de  carbone. 

3.  Composé  selon  la  revendication  1,  caractérisé  en  ce  que  ledit  composé  est  le  2-acétamido-2-désoxy- 
1-S-décanoyl-3-O-(ester  méthylique  de  D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D- 
glucopyrannose. 

4.  Composé  selon  la  revendication  1,  caractérisé  en  ce  que  ledit  composé  est  le  2-acétamido-1-S-acétyl- 
2-désoxy-3-0-(ester  méthylique  de  D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyrannose. 

5.  Composé  selon  la  revendication  1,  caractérisé  en  ce  que  ledit  composé  est  le  2-acétamido-2-désoxy- 
3-0-(ester  méthylique  de  D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyrannose. 

6.  Composé  selon  la  revendication  1,  caractérisé  en  ce  que  ledit  composé  est  le  2-acétamido-2-désoxy- 
3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyrannose. 

7.  Composé  selon  la  revendication  1,  caractérisé  en  ce  que  ledit  composé  est  le  2-acétamido-2-désoxy- 
1-S-hexadécanoyl-3-0-(ester  méthylique  de  D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D- 
glucopyrannose. 

8.  Composé  selon  la  revendication  1,  caractérisé  en  ce  que  ledit  composé  est  le  2-acétamido-2-désoxy- 
1-S-hexadécanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyrannose. 

9.  Composé  selon  la  revendication  1,  caractérisé  en  ce  que  ledit  composé  est  le  2-acétamido-2-désoxy- 
1-S-eicosanoyl-3-O-(D-2-propanoyl-L-alanyl-D-isoglutamine)-1-thio-β-D-glucopyrannose. 

10.  Procédé  de  préparation  des  composés  selon  les  revendications  1  à  9,  caractérisé  en  ce  qu'un 
composé  de  formule  générale  Il 

dans  laquelle  R5  représente  un  atome  d'hydrogène  ou  un  groupe  alkyle  ayant  de  1  à  6  atomes  de  carbone  et 
R6  et  R7  représentent  chacun  un  groupe  alkyle  ayant  de  1  à  6  atomes  de  carbone,  est  oxydé  en  présence 
d'un  solvant  inerte  pour  donner  les  composés  de  formule  générale  III 

que  l'on  fait  réagir  avec  un  alcoolate  métallique  dans  un  solvant  alcoolique  pour  obtenir  les  composés  de 
formule  générale  IV 

qui  sont  dissous  dans  un  solvant  inerte,  tel  q'un  solvant  mixte  de  dichlorométhane  et  de  tétrachlorure  de 
carbone,  et  que  l'on  fait  réagir  ensuite  avec  le  triamide  d'hexaméthylphosphore  [P(NMe2)3]  à  basse 



température  pour  obtenir  les  composés  de  formule  générale  V 

qui  sont  dissous  dans  un  solvant  ou  un  mélange  de  solvants  et  que  l'on  fait  réagir  avec  un  acide  thio- 
organique  alcalin,  par  exemple,  le  thioacétate  de  potassium  (CH3COSK)  pour  obtenir  les  composés  de 
formule  générale  VI 

que  l'on  fait  réagir  avec  un  hydroxyde  alcalin  en  présence  d'un  solvant,  tel  que  le  dioxanne,  pour 
hydrolyser  le  groupe  S-acétyle  et  le  groupe  alcoxycarbonyle  puis  on  fait  réagir  l'hydrolysat  avec  un 
anhydride  d'acide  organique,  tel  que  l'anhydride  acétique,  et  la  triéthylamine  pour  acyler  le  groupe  SH  et 
obtenir  ainsi  les  composés  de  formule  générale  VII 

qui  sont  ensuite  condensés  avec  un  ester  alkylique  d'alanyl-isoglutamine  pour  obtenir  le  composé 
recherché  de  formule  I dans  laquelle  R,  et  R2  sont  liés  ensemble  pour  former  un  groupe  alkylidène;  R3  est 
un  groupe  acyle;  et  R4  est  un  groupe  alkyle;  le  groupe  S-acyle  des  composés  1  ainsi  obtenus  peut  être 
transformé  en  un  groupe  SH  libre  par  réaction  du  composé  avec  un  alcoolate  métallique  dans  une 
solution  alcoolique  à  une  température  comprise  entre  environ  0°C  et  la  température  ambiante,  suivie  d'une 
neutralisation;  le  composé  SH  ainsi  obtenu  peut  être  transformé  en  un  composé  S-acylé  par  réaction  avec 
un  halogénure  d'acyle; 
de  plus,  le  composé  S-alkylé  peut  être  obtenu  par  réaction  du  composé  S-acylé  précédent  avec  un  alcoolate 
de  sodium  dans  un  alcool  et,  sans  faire  de  neutralisation,  on  fait  réagir  le  produit  résultant  avec  un 
halogénure  d'alkyle; 
le  groupe  alkylidène  peut  être  ensuite  séparé  par  réaction  avec  une  solution  aqueuse  à  50-90%  d'acide 
acétique; 
la  transformation  du  groupe  alcoxycarbonyle  en  groupe  carboxyle  peut  être  réalisée  par  réaction  avec  une 
solution  d'hydroxyde  alcalin  aqueuse  dans  une  solution  alcoolique  suivie  d'une  neutralisation. 

11.  Composition  pharmaceutique  contenant  au  moins  un  composé  selon  les  revendications  1  à  9. 
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